INTRODUCTION
============

Low back pain (LBP) is one of the most frequently occurring musculoskeletal problems, and a lifetime prevalence of \>70% has been reported \[[@b1-arm-19101]\]. If the pain progresses, it could affect the functional status or quality of life, and previous studies have reported significant correlations among pain, disability, and quality of life in patients with LBP \[[@b2-arm-19101]\]. Radiculopathy, also known as low back-related leg pain or lumbosacral (LS) radicular syndrome, is one of the most common variations of LBP. Symptoms of radiculopathy are more persistent and severe than those of LBP, and radiculopathy has been reported to have a less favorable outcome and to consume more health resources \[[@b3-arm-19101]\].

The initial diagnosis of LS radiculopathy is based on patient history and physical examination findings. Electrophysiologic studies, such as needle electromyography (EMG), have long been considered the most useful methods for detecting radiculopathies, and are highly specific for root or nerve dysfunction \[[@b4-arm-19101],[@b5-arm-19101]\]. Recently, with the development of medical imaging devices, magnetic resonance imaging (MRI) has been widely used to diagnose radiculopathy. However, EMG still has additional value in detecting ongoing denervation as a significant predictor of radiologic nerve root compression. A previous study has revealed the efficacy of EMG in patients with clinically suspected LS radiculopathy without nerve root involvement on MRI \[[@b5-arm-19101]\].

Postural balance control is an important skill required for successful walking and daily activities. Several organs with visual, auditory, vestibular, proprioceptive, positional, muscular, and cognitive functions are involved in postural balance control \[[@b6-arm-19101]-[@b8-arm-19101]\]. Reduced ability to control postural balance has been associated with ambulatory dysfunction and an increased risk of falls \[[@b9-arm-19101]\]. Balance impairments are frequently reported in stroke survivors, with 83% having impaired balance after an acute stroke \[[@b10-arm-19101]\]. A recent study reported that patients with moderate to severe osteoarthritis had lower balance control ability than those with mild osteoarthritis \[[@b11-arm-19101]\]. Studies on postural balance ability in patients with LBP have revealed decreased postural balance in these patients \[[@b12-arm-19101]-[@b15-arm-19101]\]. There have been some studies on postural balance ability in patients with LS radiculopathy, and most of them diagnosed radiculopathy based only on radicular symptoms \[[@b16-arm-19101]-[@b18-arm-19101]\]. Thus, we included patients with LS radiculopathy diagnosed using EMG.

Several methods are available for evaluating balance ability, such as the functional reach test or Berg Balance Scale test. These methods have been reported to have a high intra-class correlation and high reliability between test and retest \[[@b19-arm-19101]\]; however, these methods cannot evaluate balance in various aspects. Tetrax (Sunlight Medical Ltd., Ramat Gan, Israel) is an objective device for evaluating postural balance ability that has been used in several previous studies \[[@b20-arm-19101],[@b21-arm-19101]\], and has shown high test-retest reliability \[[@b22-arm-19101]-[@b24-arm-19101]\]. It can be used to examine visual, somatosensory, neurologic, and orthopedic conditions that can affect postural balance ability. Thus, in this study, we used Tetrax with measures of stability index (ST), weight distribution index (WDI), Fourier index (FI), synchronization index, and fall risk to determine the pathway involved in balance problems in patients with radiculopathy. The objective of this study was to compare postural balance ability in patients with LBP between groups with and without LS radiculopathy, by using a posturography system (Tetrax).

MATERIALS AND METHODS
=====================

Subjects
--------

Patients who were referred for EMG examination for LBP during the period from April 2017 through June 2018 were chosen as subjects. Patients who were diagnosed with LS radiculopathy based on EMG results were selected as cases, and those who were not diagnosed with LS radiculopathy were included in the control group after matching for age, sex, weight, and height. Patients with diseases that could affect balance ability, such as vestibular apparatus problem, severe visual disturbances, peripheral neuropathy including diabetes mellitus, impaired cognition, and severe osteoarthritis, were excluded from the study. Vestibular apparatus and visual disturbance were checked through history taking. Patients were excluded if they had pain in their knee, ankle, or hip joint. Patients with any peripheral neuropathy detected on a nerve conduction study were also excluded. Demographic data including age, sex, height, weight, and body mass index (BMI) were recorded. The study was approved by Institutional Review Board of Bundang Jesaeng General Hospital, and the requirement for informed consent was waived (IRB No. RM17-13).

EMG data
--------

EMG examination with a monopolar needle was performed in each patient by an experienced physiatrist. Multiple muscles were examined within the appropriate myotome, and adjacent myotomes (above and below) were examined based on clinical suspicion. Any denervation or reinnervation activity was noted. The presence of positive sharp waves or fibrillations in ≥2 areas of sampling per muscle was considered proof of ongoing denervation \[[@b5-arm-19101]\]. Motor unit action potentials were assessed individually. The duration was compared with the normal values, and motor unit action potentials with increased duration were considered signs of reinnervation. Routine nerve conduction studies and late responses were used to exclude other conditions such as peripheral neuropathy or spinal cord injury \[[@b25-arm-19101]\].

Balance assessment using Tetrax
-------------------------------

Balance ability was evaluated using Tetrax, which was equipped with two paired force plates for measuring vertical pressure fluctuations over both heels and feet. The ST, WDI, FI, synchronization index, and fall risk were measured using Tetrax. ST is a variable that shows the degree of postural sway to control and compensate for changes in posture. The total amount of sway measured by the 4 force plates was totaled and divided by the patient's weight. The total amount of sway was calculated as the square root of the sum of the squared differences between adjacent pressure fluctuation signals, sampled at a rate of 32 Hz. A higher ST indicates a more unstable posture \[[@b23-arm-19101]\]. The WDI reflects the level of weight distributed on the 4 force plates, with the normal index being 4 to 6. The ideal posture is when 25% of the subject's weight is placed on each plate. An abnormally high WDI value is related to orthopedic and/or neurologic problems. Conversely, values close to zero are signs of excessive postural rigidity. FI is a regression parameter of the postural sway intensity analyzed using Fourier transform, which shows a different frequency for each lesion that causes instability. The Tetrax program compares the Fourier power values of posturographic performance to a mathematically computed regression curve, and evaluates the discrepancy between the graph obtained from the collected data and the theoretical "ideal" regression in the form of a coefficient. FI of low frequency (F1) is related to visual dysfunction. A high F1 signifies that the patient may have a visual problem \[[@b24-arm-19101]\]. The FI of the summation of low-medium frequencies (F2--4) suggests peripheral vestibular dysfunction, and the FI of the summation of high-medium frequencies (F5--6) is related to somatosensory dysfunction \[[@b25-arm-19101],[@b26-arm-19101]\]. Synchronization index is a score comparing 2 oscillation waves measured from the body vibrations of the 4 force plates. Synchronizations reflect the quality and efficiency of coordination movements of the agonist and antagonist muscle system of the lower extremities. The index ranges from -1,000 to 1,000. It shows right and left weight-bearing ratios and foot and heel weight-bearing ratios. Fall risk is globally calculated using the computer system's data of the patient's ST, FI, WDI, and synchronization results. For all patients, the fall risk was calculated by considering the oscillation velocities computed by the posturographic software, and is expressed as a numerical value between 0 and 100 \[[@b23-arm-19101]\].

The normal eye open (NO) position was first evaluated followed by the normal eye closed (NC) position (to limit the effect of eyesight), thus emphasizing the effect of somatic sense or the vestibular organ. After placing rubber pillows on the floor of the machine, assessments with the patient standing on the pillows with the eyes open (PO position) and with the eyes closed (PC position) facing the front were conducted. The PO position limits only somatosensory function, whereas the PC position limits both visual and somatosensory functions ([Fig. 1](#f1-arm-19101){ref-type="fig"}).

Statistical analysis
--------------------

Data were analyzed using SPSS version 13.0 software (SPSS Inc., Chicago, IL, USA). The Kolmogorov--Smirnov test was used to test the normality of the variables. The chi-square and Mann--Whiney U-tests were used to evaluate categorical (sex and radiating pain) and continuous (age, height, weight, BMI, visual analogue scale score, and measures of balance ability) characteristics between the groups with and without LS radiculopathy. Wilcoxon signed-rank test was used to compare postural balance ability after closing the eyes or standing on pillows compared with the baseline status. If the p-value was \<0.05, the result was considered statistically significant.

RESULTS
=======

We recruited 20 patients with LS radiculopathy and 20 matched control patients without LS radiculopathy. The variables were not normally distributed (p\>0.05). The LS radiculopathy group consisted of 11 men and 9 women with a mean age of 56.36±13.30 years, whereas the nonLS radiculopathy group consisted of 12 men and 8 women with a mean age of 56.23±15.82 years. There was no significant difference between the two groups with respect to age or sex (p\>0.05). Moreover, there were no significant demographic differences with respect to weight, height, and BMI between the two groups. However, there was a significant difference in radiating pain and the visual analogue scale score, which was higher in the LS radiculopathy group ([Table 1](#t1-arm-19101){ref-type="table"}). LS spine MRI results were obtained in 15 patients in the LS radiculopathy group and in 11 patients in the non-LS radiculopathy group. The number of symptom-related MRI lesions was 13 in the LS radiculopathy group and 2 in the non-LS radiculopathy group. EMG showed that 3 patients had bilateral radiculopathy and the other 17 patients had unilateral radiculopathy. Of the 17 patients with unilateral radiculopathy, multilevel involvement was observed in 7 patients and only single-level involvement was seen in the other 10 patients (L4 level in 1 patient, L5 level in 6 patients, and S1 level in 3 patients).

The LS radiculopathy group showed significantly higher fall risk (73.25 vs. 38.00; p\<0.05), WDI (8.57 vs. 5.00; p\<0.05), and ST (21.19 vs. 13.16; p\<0.05) than the control group ([Table 2](#t2-arm-19101){ref-type="table"}). The LS radiculopathy group showed a higher FI value at high-medium frequency (8.27 vs. 5.56; p\<0.05) than the control group; however, there were no significant differences at low frequency (17.81 vs. 18.08; p\>0.05) and low-medium frequency (27.49 vs. 22.07; p\>0.05) ([Fig. 2](#f2-arm-19101){ref-type="fig"}).

We additionally analyzed synchronization according to the side of the radiculopathy lesion. Seventeen patients were diagnosed with radiculopathy on only 1 side (8 patients on the right and 9 patients on the left). Weight-bearing on the side of the lesion was significantly reduced (synchronization index: 42.46 vs. 57.53; p\<0.05), and the same results were obtained in patients with rightsided radiculopathy (synchronization index: 40.32 vs. 59.67, p\<0.05) and those with left-sided radiculopathy (synchronization index: 44.36 vs. 55.63, p\<0.05). No significant difference in weight bearing was found between the forefoot and heel ([Table 3](#t3-arm-19101){ref-type="table"}).

With respect to the WDI, the LS radiculopathy group showed increased values \>8 in each of the 4 positions, which indicates a weight distribution problem in patients with LS radiculopathy. In the assessments with pillows, the WDI was significantly increased in the non-LS radiculopathy group (PO position 7.82 vs. NO position 5.00, p\<0.05; PC position 6.50 vs. NC position 4.16, p\<0.05). The LS radiculopathy group showed a significantly higher WDI than the control group in the NO and NC positions. However, in the PO and PC positions, no significant differences in WDI were observed between the two groups ([Table 4](#t4-arm-19101){ref-type="table"}).

DISCUSSION
==========

In our study, patients with LS radiculopathy diagnosed using EMG showed decreased postural balance compared with those without LS radiculopathy. Weight bearing on the side of radiculopathy was significantly decreased, and somatosensory function was disturbed in the group with LS radiculopathy.

The prevalence of radiculopathy from different studies ranged from 1.2% to 43% \[[@b3-arm-19101]\]. Radiculopathy has been suggested to provoke more severe pain than LBP, as well as to decrease the quality of life and to cause prolonged disability and absence from work \[[@b3-arm-19101],[@b26-arm-19101]-[@b28-arm-19101]\]. Previous studies on radiculopathy mainly focused on pain reduction \[[@b29-arm-19101],[@b30-arm-19101]\]. Medication, including both monotherapy and combination therapy, has shown efficacy in pain reduction, improving sleep disturbance, and alleviating anxiety \[[@b28-arm-19101],[@b31-arm-19101]\]. Injections, such as caudal epidural steroid injection and transforaminal epidural steroid injection, have shown moderate to strong efficacy in managing lumbar root pain, and several other interventional techniques, including adhesiolysis and percutaneous disc compression, have demonstrated beneficial effects \[[@b32-arm-19101]-[@b34-arm-19101]\]. However, few studies have focused on postural balance problems in patients with LS radiculopathy.

Postural balance control is an important skill for gait and daily activities, and reduced ability to control postural balance has been associated with ambulatory dysfunction and an increased risk of falls \[[@b9-arm-19101]\]. Postural control represents a complex interplay between the sensory and motor systems, and involves perceiving environmental stimuli, responding to alterations in the body's orientation within the environment, and maintaining the body's center of gravity within the base of support \[[@b35-arm-19101]\]. Some studies on balance ability in patients with LBP have been published \[[@b12-arm-19101],[@b14-arm-19101]\]. Mientjes and Frank \[[@b15-arm-19101]\] observed that patients with chronic LBP had increased sway compared with healthy people, and increased body sway was found when the subjects were tested with the eyes closed. Patients with LBP and radiculopathy demonstrated significant differences from control participants in terms of muscle activation timing, sequencing, and overall balance control \[[@b17-arm-19101]\]. Differences between the two groups were detected especially in the lower limb, and the authors suggested that radiculopathy may play a role in altering postural balance control \[[@b17-arm-19101]\]. In previous studies, radiculopathy was diagnosed using only the history of symptoms, such as pain, tingling sensation, or numbness in the legs. Whether the cause of decreased postural balance in patients with LBP and radiculopathy is of LBP origin or radiculopathy origin is unknown. Thus, we investigated postural balance ability in patients with radiculopathy diagnosed using EMG, and compared groups with and without LS radiculopathy to elucidate the effect of radiculopathy on postural balance ability.

Large and small sensory afferent nerve fibers are affected in LS radiculopathy \[[@b36-arm-19101]\]. Yamashita et al. \[[@b37-arm-19101]\] demonstrated that the functions of A-beta, A-delta, and C fibers are deteriorated in patients with LS radiculopathy. Somatosensory dysfunction has been associated with diminished motor performance \[[@b38-arm-19101]\], and our results were consistent with those of previous studies showing that the LS radiculopathy group had significantly increased highmedium frequency FI value, which implies that somatosensory disturbance affects postural balance in patients with radiculopathy. The WDI was higher than normal in the NO, PO, NC, and PC positions in the LS radiculopathy group, as the somatosensory function was already disturbed in these patients. In addition, there was no significant change after closing the eyes or standing on pillows in the LS radiculopathy group, probably because of the underlying somatosensory system pathology. Conversely, in the non-LS radiculopathy group, the WDI was in the normal range in the NO and NC positions, but was significantly increased above the normal range in the PO and PC positions. Standing on pillows caused somatosensory system disturbances, thus decreasing the postural balance ability. Assessment and treatment plans for not only pain reduction but also postural balance improvement should be considered in the management of patients with LS radiculopathy.

Our study had several limitations. The first limitation was the relatively small sample size. We included patients with LS radiculopathy only based on the results of EMG, to clarify the effect of radiculopathy on postural balance ability. Second, we did not perform other balance tests, such as the Berg Balance Scale test or functional reach test, and used Tetrax to assess postural balance. Because we attempted to elucidate the pathophysiology of decreased postural balance in patients with LS radiculopathy, we used Tetrax, which can evaluate various organ systems related to postural balance ability. Further studies on the effects of balance training in patients with LS radiculopathy would be needed.

In conclusion, we compared postural balance ability in patients with LBP between groups with and without LS radiculopathy diagnosed using EMG. The LS radiculopathy group showed decreased postural balance compared with the non-LS radiculopathy group. Somatosensory function was disturbed in the LS radiculopathy group, and weight bearing on the side of radiculopathy was significantly decreased. Postural balance ability should be evaluated in patients with LS radiculopathy to prevent fall injury, and an exercise program focusing on proprioception and postural balance ability would be needed in the management of these patients.
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###### 

Demographic and clinical data of patients

                   With LS radiculopathy (n=20)   Without LS radiculopathy (n=20)   p-value
  ---------------- ------------------------------ --------------------------------- ---------------------------------------------------
  Age (yr)         56.36±13.30                    56.23±15.82                       0.495
  Sex                                                                               0.343
   Male            11                             12                                
   Female          9                              8                                 
  Weight (kg)      69.52±9.72                     67.25±11.44                       0.344
  Height (cm)      165.36±9.08                    164.14±9.59                       0.871
  BMI (kg/m^2^)    25.44±3.21                     24.85±3.03                        0.398
  VAS              5.68±2.18                      3.95±2.74                         0.012^[\*](#tfn1-arm-19101){ref-type="table-fn"}^
  Radiating pain                                                                    0.006^[\*](#tfn1-arm-19101){ref-type="table-fn"}^
   Yes             18                             10                                
   No              2                              10                                

Values are presented as mean±standard deviation.

LS, lumbosacral; BMI, body mass index; VAS, visual analog scale.

p\<0.05.

###### 

Comparison of mean of fall risk, weight distribution index and stability index between the two groups

                              With LS radiculopathy (n=20)   Without LS radiculopathy (n=20)   p-value
  --------------------------- ------------------------------ --------------------------------- ---------------------------------------------------
  Fall risk                   73.25±24.50                    38.00±16.05                       0.000^[\*](#tfn2-arm-19101){ref-type="table-fn"}^
  Weight distribution index   8.57±5.36                      5.00±2.30                         0.038^[\*](#tfn2-arm-19101){ref-type="table-fn"}^
  Stability index             21.19±7.02                     13.16±3.40                        0.010^[\*](#tfn2-arm-19101){ref-type="table-fn"}^

Values are presented as mean±standard deviation.

LS, lumbosacral.

p\<0.05.

###### 

Comparison of synchronization index between lesion side and non-lesion side, fore foot and heel side

                          Lesion side   Non-lesion side   p-value                                             Fore foot    Heel         p-value
  ----------------------- ------------- ----------------- --------------------------------------------------- ------------ ------------ ---------
  Total patients (n=17)   42.46±6.62    57.53±6.62        0.000^[\*](#tfn3-arm-19101){ref-type="table-fn"}^   50.48±3.03   49.51±3.03   0.653
  Rt. rad (n=8)           40.32±8.64    59.67±8.64        0.012^[\*](#tfn3-arm-19101){ref-type="table-fn"}^   50.83±3.83   49.16±3.83   0.674
  Lt. rad (n=9)           44.36±2.84    55.63±2.84        0.008^[\*](#tfn3-arm-19101){ref-type="table-fn"}^   50.26±2.29   49.82±2.29   0.767

Values are presented as mean±standard deviation.

Rt. rad, right lumbosacral radiculopathy; Lt. rad, left lumbosacral radiculopathy.

p\<0.05.

###### 

Comparison of weight distribution index between normal position and position on pillows in two groups

                                    NO                                                  PO          p-value                                             NC                                                  PC          p-value
  --------------------------------- --------------------------------------------------- ----------- --------------------------------------------------- --------------------------------------------------- ----------- ---------------------------------------------------
  With LS radiculopathy (n=20)      8.57±5.36                                           8.07±4.32   0.709                                               9.45±5.78                                           8.17±4.43   0.108
  Without LS radiculopathy (n=20)   5.00±2.30                                           7.82±3.43   0.003^[\*](#tfn4-arm-19101){ref-type="table-fn"}^   4.16±2.35                                           6.50±2.84   0.002^[\*](#tfn4-arm-19101){ref-type="table-fn"}^
  p-value                           0.038^[\*](#tfn4-arm-19101){ref-type="table-fn"}^   0.925                                                           0.000^[\*](#tfn4-arm-19101){ref-type="table-fn"}^   0.265       

Values are presented as mean±standard deviation.

LS radiculopahty, lumbosacral radiculopathy; NO, normal position with eyes open; PO, eyes open on pillows; NC, normal position with eyes closed; PC, eyes closed on pillows.

p\<0.05.
